I » » 

MM 



f 


Qj/KT ei£AN SHORT-HMfl, EXFERHHMM. EN6IIC 

(QCSEE) 

the Aerodynamic and Mechantcil Design of 
The QCSEE Over-the-Wing Faii 


April 1976 

by 


Advanced Inglneerlng A Technology Prograas Oepartnent 
General Xlectric Coapany 


I tarly IHMSttc DiggMiMtloB toitiitf 

IgMiM* of its possibl# ooMsroisl Tslos, this tfsts Aumtslisd isaosr 
lii.S. Osrgfssst oostrset XAft9*lMil is bslag dlsssaisststf vltbls tbs 
V.^, is s4sSSos of gsssrsl psbliesttes. Ibis Oats osf bs dopliostsd 
sad assd bf tbs rsoigisat oigb tbs sxprssssd lUUtatioas tbst tbs 
data will sot bs vablibhsd bot viU it bs rslsassd outslds rssipisat's 
dMMStis orgaaisatioa witboat prior psraissioa of Osasrsi Blsetiis 
O oaplBye Tbs Ubltstioas ooatsiasd ia this Isgsad Kill bs soasidsrsd 
rdid aftsr ^saasry 1, lbiO« This Isfsad sbsU bs oarksd oa say rs- 
prodactiob of tbia data la abols or la, part. 


} 


Prepaired For 


Nititial Asrtbs«*<M sad Ssact AittisittrdtiSB 


(BASA-CR-134915) QOIBT CLEAN SHORT-HAUL N80-15089 

BXPBHIHBNTAL BN6IHE (QCSEE) • THE 
ABRODTNAHIC AMO HFCHAHICAL DESIGN OF THE 

QCSEE OVER-THE-WING PAN (General Electric Unclas 

Co.) 98 p HC A05/HF AOl CSCL 2 tB G3/07 33466 

I 

PAlA iswia betearoh Center ^ ^ . 

oentraot XA88-18081 ^ 



TAOLE OF CONTENTS 


Section Page 

1.0 OTW FAN I SIGN 1 

1.1 Summary 1 

2.0 OTW FAN AERODYNAMIC DESIGN 2 

2.1 Operating Requirements 2 

2.2 Basic Design Features ^ 

2.3 Detailed Configuration Design 5 

2.4 Rotor Blade Design 7 

2.5 Core OGV Design 29 

2.6 Transition Duct Strut Design 39 

2.7 Vane-Frame Design 46 

3.0 OTW FAN MECHANICAL DESIGN 61 

3.1 Fan Rotor Summary 61 

3.2 Design Requirements 61 

3.3 Pan Blade Design 65 

3.4 Fan Disk Design 76 

3.5 Blade Retainers 80 

3.6 Rotor Shell Members 80 

3.7 Fan Hardware 82 




Hi 


LIST OF ILLUSTRATIONS 


Figure Page 

I, Major Operating Requirements for OTW Kan, 3 


2. 

Cross Section of OVU Fan, 

•1 


OW Radial Hist ribut ion of Rotor Total Pressure 
Rat to. 


•1. 

OW Radial Distribution of Rotor Efficiency, 

H 

3. 

0*W Radial Distribution of Rotor Diffusion 
Factor, 

9 

t». 

OTW Radial Distribution of Rotor Relative Mach 
Number, 

10 

7. 

OTW Radial Distribution of Rotor Relative Air 
Angle, 

1 1 

H. 

OTW Radial Distribution for Core OGV. 

12 

9. 

OTW Rotor Chord Distribution, 

27 

10. 

OTW Rotor Thickaess Distribution. 

28 

11. 

OTrt Rotor Incidence, Deviat ion, and Empirical 
Adjustment Angles, 

30 

12. 

OTW Rotor, Percent Throat Margin, 

31 

13. 

OTW Fan Blade Plane Sections, 

32 

1 1. 

OTW Camber and Stagger Radial Dist ribut ion. 

33 

15. 

OTW Coro OGV, 

•10 

IG. 

OTW Core OGV. 

•11 

17. 

Cylindrical SectU>n of OTW OGV at the Pitch Lino 
Radius, 

42 

IH. 

Transition Duct Flowpath. 

44 

19. 

Tra ns i 1 1 on Due t S t ru t . 

li> 

20. 

Vane Frame Aerodynamic Environment, 

47 


Iv 



LIST OK lUAISTHATlONS (roncludotl) 


Kttturo 

21 , 

OO 

23. 

21 , 

2 :>. 

2ii. 

27. 

28. 

2i>. 

30. 

31. 

32, 

33, 
31, 

•Jo • 

:u?. 

:j7. 

:jo. 

40. 


Vane Krume Nominal Vane Oonrifairat ion. 

Vane Krame Unwrap^wii Sect Ion at 1.0. 

Vane Frame Unwruppeii Sect ion at I.O., 32 Vane?? IMtis 
Pylon U*: Fairlnf;. 

Vane Krame. 

Vane Krame. 

OTVJ' Kan Kotor. 

OW Rotor tayout. 

OTV Kan lUaiie, 

OTtV Kan Ohule Ohonl Vs. Span. 

OTW Kan Olade Maximum Thickness Chord Vs, Span, 

0 lade S t ead y Slate K T tec live S t ress . 

Kan Ulude Campbell OtaKr;uii. 

OTW Kan Limit C y c I e Uo\inda r y . 

OTW Kan lUade Oovetail. 

Stress Points on blade and 01 sk Oovetalls. 

H oom Tempo ra t ti re Ka t t ^:ue Limit. 

OTW Kan Olsk AnalystiJ. 

OTV Ka n 0 1 ade K e t a i ne r . 

OTW Kan Rotor Shell Stresses. 

Rotor Oerieetions. 


Pai;e 


10 

30 


32 


50 


Sti 

t>2 


SI 


SO 




SO 


70 


74 


75 

77 

78 

79 
81 
H3 


84 





LIST OF TABLES 


Table Page 

1. QCSEE Fan. 2 

II. Design Blade Element Parameters for QCSEE OTW Pan. 13 

111. Ont Rotor Blade Coordinates. 34 

IV. OIV Core OGV Coordinates at the Pitch Line Radius. 43 

V. Vane Frame Coordinates. S3 

VI. QCSEE OPH Fan Design Criteria. 63 

VII. 0>:SE£ OTW Fan Blade. 67 

VIII. Blade Stresses. 71 

IX. Stub Shaft Flange Bolts. 66 


Vi 


SECTION l.C 


OTW FAN DESIGN 


lA SUMMARY 

An Under-the Wing and an Over-the Wing fan rotor will be built and tested 
as part of the NASA QTSEE program. 

The aerodvnamlr design of both the tixed-piieh (vrw and var iablo-piloh UTW 
geared fans was completed during the Prelfniinary Design Phase. 

At the major operating conditions of takeoff and imiximum cruise, a cor- 
rected flow of 405.5 kg/sec (894 Ihm^soc) was selected for both fans which 
enables common Inlet hardware to yield the desired 0.7^ average throat Mach 
number at the critical takeoff noise measurement condition. The aerodynamic 
design bypass pressure ratio Is 1.3b for the OTO and 1.14 for the UTW which Is 
Intermediate between the takeoff and maximum cruise power settings. The 
takeoff pressure ratios are 1.34 for the OTW and 1.27 for the UTW. the take- 
off corrected tip speeds are 354 m/sec (llb2 ft /sec) for the OTW and 289 m/sec 
(950 tt/sec) for the UTW. These pressure rat los and speeds were selected on 
the basis of minimum noise within the constraints of adequate stall margin and 
core engine supercharging. 

Tlie OTW fan employs 28 fixed-pitch fan blades. A flight version of the 
design would use composite fan blades, but titanium fan blades will be used in 
the experimental fan as a cost saving mt'asure. The conceptual design with 
composite blades was used to establish the number of fan blades, and In 
conjunction with the aerodynamic deslg*., the blade airfoil shape. The metal 
blades require a larger fan disk rim than would be required for composite 
blades. The fan disk support cone and the remaining fan components on the 
experimental engine will be of flight design. 



SECTION 2.0 


OTW FAN AERODYNAMIC DESIGN 


2.1 OPERATING REQUIREMENTS 

The major operating requirements for the over-the-wlng (OTW) fan. Figure. 
1, are takeoff, where noise and thrust are of primary Importance, and 
maximum cruise, where economy and thrust are of primary Importance. A 
secondary requirement was to utilize hardware coma»n to the UTV fan when no 
significant performance penalty was Involved. At takeoff, a low fan preaaure 
ratio of 1.34 was selected to minimize the velocity of the bypass stream at 
nozzle exit. A corrected flow of 405.5 kg/sec (894 Ib/sec), the same as for 
the UTW, at this pressure ratio yields the required engine thrust. The Inlet 
throat is sized at this condition for an average Mach number of 0.79 to 
minimize forward propagation of fan noise. This sizing of the Inlet throat 
prohibits higher corrected flow at altitude cruise. The required maximum 
cruise thrust Is obtained by raising the fan pressure ratio to 1.38. The 
aerodynamic design point was selected at an Intermediate condition, which Is a 
pressure ratio of 1.36 and a corrected flow of 408 kg/sec (900 Ib/sec). 

Table I sunznarlzee the key parameters for these three conditions. 


Table t. 

QCSEE OTW Fan 

• 


Parameter 

Design Point 

Takeoff 

Maximum Cruise 

Total fan flow 

408 kg/sec 
(900 Ib/sec) 

405.5 kg/sec 
(894 Ib/sec) 

405.5 kg/sec 
(894 Ib/sec) 

Pressure ratio - bypass flow 

1.36 

1.34 

1.38 

Pressure ratio - core flow 

1.43 

1.43 

1.44 

Bypass ratio 

9.9 

10.1 

9.8 

Corrected tip speed 

358 m/sec 
(1175 ft/sec) 

354 m/sec 
(1162 ft/sec) 

359 m/sec 
(1178 ft/sec) 


2.2 BASIC DESIGN FEATURES 


A cross section of the selected OTW fan configuration Is shown In Figure 
2. The fan outer flowpath, vane-frame Including outer and Inner floirpath, 
and transition duct Including the six frame struts are all coimnon to the UTW 
fan configuration. Thus the integrated nacelle vane-frame assembly Is common 
to both propulsion systems. There are 28 fixed-pitch rotor blades. The overall 
proportions for the rotor blades, olade number, and radial distributions of 
thickness and chord were selected to provide a satisfactory aeromechanlcal 
flight-type composite configuration. However, to minimize overall program 
costs, titanium waa substituted for the actual blade construction. The stall 
2 

















margin for the OTW fan is projected to be adequate. The circumferential grooved 
casing treatment, however, can be retclned from the UTW fan to provide added 
protection against stall. The rotor was positioned axially such that the 
trailing edge hub Intersects the hub flowpath at the same axial station as the 
UTW which puts the aft face of the fan disk at approximately th? same engine 
station. A tip axial spacing between rotor trailing edge and vane-frame 
leading edge equal to 1.9 true rotor tip chords results. The vane-blade ratio 
is 1.18. Inaedlately following the rotor, in the hub region, is a splitter 
Which divides the flow into the bypass portion and core portion. The proximity 
of the splitter leading edge to the rotor blade is to enable additional design 
control on the streamlines in the hub region to provide improved surface 
velocity and loading distributions. The 156 OGV's for the fan hub, or core 
portion, flow are in the annular space under the splitter. There are six 
struts in the gooseneck which guides the fan hub flow into the core compressor. 

In the vane-frame, which is conmon with the UTW Fan, the vanes are non- 
axisymmetric in that five vane geometries, each with a different camber and 
stagger, are employed around the annulus. This nonaxlsymmetric geometry is 
required to conform the vane- frame downstream flow ileld to the geometry of 
the pylon, which protrudes forward Into the vane-frame, and simultaneously 
maintains a condition of minimum circumferential static pressure distortion 
xjpstream of the vane-frame. There are 33 vanes in the vane-frame which yield 
a vane-blade ratio of 1.18. 


2.3 DETAILED CONFIGURATION DESIGN 

The corrected tip speed at the aerodynamic design point was selected at 
358 m/sec (1175 ft/sec). This was selected for design purposes, as a compromise 
between the takeoff and cruise tip speed requirements. The objective design 
point adiabatic efficiency is 88% for the bypass portion and 78% for the core 
portion. Requirements Include 16% stall margin at takeoff and high fan hub 
pressure ratio to provide good core engine supercharging. An inlet radius ratio 
of 0.42 was selected, compared to 0.44 for the UTW fan, to provide additional 
annulus area convergence at rotor hub which reduces the hub aerodynamic loading. 
Discharge radius ratios are approximately the same for the two fans. For the 
1.803 m (71.0 in.) tip diameter, a flow per annulus area of 194 kg/sec-m^ 

(39.8 Ib/sec-ft^) results. 

The standard General Electric axlsymmetrlc flow computation procedure was 
employed in calculating the velocity diagrams. Several calculation stations 
were Included internal to the rotor blade to improve the overall accuracy of 
the solutl'n in this region. The physical splitter geometry is represented in 
the calculations. Forward of the splitter calculation stations span the radial 
distance from OD to ID. Aft of the splitter, calculation stations span the 
radial distance between the OD and the topside of the splitter and between the 
underside of the splitter and the hub contour. At each calculation station 
effective area coefficients consistent with established design practice were 
assumed. 

The design radial distribution of rotor total pressure ratio is shown in 
Figure 3. This distribution is consistent with a stage average pressure 
ratio of 1.36 in the bypass region. The higher than average pressure ratio 
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Fi^jurc 3. OW Radial Distribution of Rotor Total 
Pressure Ratio. 
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In the hub region provides maximum core en^’ine supercharging subject to a 
balance between the constraints of acceptable rotor diffusion factors, stator 
inlet absolute Mach numbers, and stator diffusion factors. A stage average 
pressure ratio of 1.43 results at the core OGV exit- The assumed radial distri- 
bution of rotor efficiency for the design '*s shown in Figure 4 which was 
based on measured results from similar c xguratlons (Quiet Engine, Fan B). 

The assumption of efficiency rather thf». cotal-pressure-loss coefficient is a 
General Electric design practice for rotors of this type. The radial distri- 
bution of rotor diffusion factor which results from these assumptions Is shown 
in Figure 5. Figures 6 and 7 show the radial distributions of rotor relative 
Mach number and air angle, respectively. At the rotor hub the flow turns 16“ 
past axial which corresponds to a work coefficient of 2.6. 

The assumed radial distribution of total-pressure-loss coefficient for 
the core portion OGV is shown In Figure 8. The relatively high level, 
particularly In the ID region, Is In recognition of the very high bypass 
ratio of the OTW engine and, accordingly, the small relative size of the core 
OGV compared to the rotor. The annulus height of the core stator Is approxi- 
mately 70Z of the rotor staggered spacing, a significant dimension when 
analyzing secondary flow phenomena. It Is anticipated that a significant 
portion of the core OGV v^l] be Influenced by the rotor secondary flows. The 
moderately high core OGV diffusion factors, turning angles, and Inlec Mach 
numbers, as shown in Figure 8, were contributing factors In the total-presaure- 
loss coefficient assumptions. An average swirl of 6“ Is retained In the fluid 
at exit from the core OGV, like the UTW configuration. This was done to lover 
Its aerodynamic loading. The transition duct struts designed for the UTW 
configuration were cambered to accept this swirl. 

A tabulation of significant blade element parameters for the OTV design 
is presented In Table II. 


2,4 ROTOR BLADE DESIGN 


The rotor blade tip solidity was selected as 1.3. With a rotor tip Inlet 
relative Mach number of 1.22, a reduction in tip solidity would lower the 
overall performance potential of the configuration. The rotor hub solidity was 
selected as 2.2. The primary factors in this selection were the rotor hub 
loading and sufficient passage length to do the required 56“ turning. The 
radial chord distribution Is linear with radius. Mechanical input was pro- 
vided to ensure that this chord distribution and the selected thickness distri- 
bution, as shotm In Figures 9 and 10, produced a satisfactory aeromechanlcal 
configuration. 

The detailed layout procedure employed In the design of the fan blade 
geometry generally parallels established design procedures. In the tip region 
of the blade where the Inlet relative flow Is supersonic, the uncovered portion 
of the suctlou surface was set to ensure that the maximum flow passing capacity 
is consistent with the design flow requirement. The incidence angles in the tip 
region were selected according to transonic blade design practice which has 
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Design Stream Function 
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Figiuv 0. OTW HmHal Oi s t vi Init i on ol Hotoi' Kolntlvr Mach Number. 
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Table II. Design Bliuie Element Pnranu'fers i'or QCSEE OTO Pan 
NUMfcNciiiTURE Fop tabulation 


metric 


heaOINU lOtNTltlCATlON UNITS 


GLNfcRAt 

3t 

streamline number 

• 

PSl 

stream FUNLTluN 

• 

RADIUS 

streamline RADIUS 

CM» 

X IHH 

PLRCENT immersion from outer mall 

t 

z 

axial dimension 

CH, 

SLKAG^ 

annulus blockage factor 

m 

FlOn 

meignt flon 

KG/BEC 

angles and MACH numbers 


PMI 

meridional FLOM angle 

DEC, 

ALPHA 

absolute FLUM ancle «ARCTAN (CU/CZ) 

DEG. 

B^TA 

relative FLOM angle aARCTAN (-NU/C2) 

0E6, 

H-ABS 

absolute MACH number 

m 

H«R£L 

RELATIVE MACH NUMBER 

m 

VCLOCITICS 


c 

absolute velocity 

M/SEC 

IN 

relative velocity 

MFS6C 

Ql 

AXIAL VELOCITY 

N/SEC 

U 

BLADE SPEED 

n/sec 

cu 

tangential COMPONENT OF C 

M/SEC 

MU 

TANGENTIAL CCMPUNENT OF a 

M/SEL 

FLUID PHURERTICS 


PT 

ABSOLUTE total PRESSURE 

N/SG,CM, 

IT 

absolute total temperature 

0E6«K 

TT^REL 

relative total temperature 

OEG-K 

PS 

STAIIL PRESSUHt 

N/SG,CN, 

TS 

STATIC TEMPERAiURt 

DEG-K 

RHO 

STATIC DENSITY 

RC/CU, METER 

EFF 

cumulative adiabatic EFFICIENCY 

• 

PTl 

REFERENCED TO PTI» TTl 
INLET absolute total PRESSURE 

N/SQ,CM, 

TTt 

INLET ABSOLUTE TOTAL TEMPERATURE 

0E6«K 

AERUDTNANlC BLADING PARAMETERS 


TPLC 

total pressure loss coefficient 

■ 

PR«ROM 

TOTAL PRESSURE RATIO ACROSS BLADE RON 

• 

0EL*T 

total temperature RISE ACROSS ROTOR 

0EG«K 

0 

diffusion factor 


OP/U 

static pressure rise coefficient 

• 

CZ/CI 

axial velocity ratio across blade rum 

• 

8OL0TV 

solidity 

• 

R*AV6 

average streamline radius across blade ROM 

CM. 

f*tan 

tangential blade force per Unit blade length 

N/CM 

F-AXL 

axial blade force per unit blade length 

N/CM 

F*COtF 

FLOM coefficient aCZI/Ul 

• 

T*COCF 

murk coefficient 8(2*G*jACP*DEfT)/iU2*U2> 

m 



Table II. Desii^n Blade Element Parameters for QCSEE OTW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE 0 '::^ Fan (Continued) 


ZJ 




> 

8 


< 

fc 

03 


an 

o 

c 

o 

9 


7. 

o 


s 


•o 

3:>0300034»0 

kJ 

• ••••••• • 

®*orMO'«oOi/>o 




jooo::>sj»30co 




> o o o < 


o o 


I-4*>«.^X x»o-^co ‘T — 
;» oj%>^ 
e-«)"kVto«-ifxX09 
V3030_>0-^'^'-l 


9- O' •M 9^ 9 0 O 

LjJS9<C9f'^"^4000 


0 9 0 - 

0t>90rsi^009 


’T* 9 yt o ^ O 9 o 


^0»^00y*0909 


uj ^o o 9 9 j> fy» 

X ^ €> a O 0 9 9 9 9 

I ••«••«••• 

t «i «««««009000 


<99999kOini/>^ 

I ••••••••» 

1* OOOOOOOOO 


0000^9909 

900fV9^"nxr\tX 


MJX9AIOIC 90h-X 


^OOOOOOOOC 


-*909900 

9 9 O O 9 ry o 


(LOOOO-^OOOO 

• ••III 


t 

X 




^ t/> ^ ® 9 O 

M ^ 

* # 
tf)fVO X X r <«1 o XX 
^090 J^"^^9f>ifSi 
9 -m* m 9 9 9 9 0 
O »* kfi ^ o ^ o 
9 ••••••••■ 

X9X»«JI»«^X9rV 
099f*-9 9jn\fij\ 


0900000>4 
XX 0000090« 
» O./lO9>0JCX 

a. •xf^ 9 ixx<‘«» 

OOOOOOOOO 


^-mf\t**%9^99r'-90 

9 


X^t*^9 999^9^ 


:z> X> 9 9 -*900 09 

i — M*n93X»99«n 


O —O 9 9 >9 9 

fx ••X«p•C09>(^^| 

• ••••*••• 

»-ooooc oooo 


XOOoO— 4) ...^O 
xo9*^r«.r^ 
9 J* 9 9 f- ^ 


Ui\i09r-9t*>ooo 

i »••••*••• 

I -* iT O 9 9 9 

^ t> 9 9 J> J> 9 9 9 


tO*-9^0^-*9C9 




j*o^y>fxooa» 

— ->J'X*xg)o»^XX 

X • •*••• •»• 

v>K»x^rOK \9 9 ^ 9 


a> *M O 9 9 o O -* 
:>o90\A'*>-*9ruyd 
9 -*t^ 9 9 9 9 0 
Tt-m^-*t*%%roomO 

XI •••••#••• 

■X 

O 99>P"-99J>J>J\ 


o o o o o c- o ^ 

XX oooooooc 

9 OJIo4XO®C 

a 

• a* •» a 

OOOOOOOOO 


9 9 ^ 9 O 

9 


^-*yj’**9j\9^ VO 
9 


J 

o 


r\J9 09fM*^9 9 9 

^099<Z09VJ^O 

M( aaaaxa*** 

9(r*^ Oi^xxa 9 j\ 
I 9»^990 9t^f^9 


*M 9 O 9 9^x-m 

0 99 — 9 XfJ\P-yt9 

« •aaaaaaa* 

— — 9ytXt*^9 r- o 

1 09 xao'V^X 9 9 
0.OOOOO««'W99 


rM«-*Xxx^i O *0 ex -X 

wO*^ap*^9 9 j> yt yt 
>rx)\x(®9f^*^^ 9® 

• aaaawaaaa 

XOX^^9IO® 9>J 
9>(0«>r<x xXip«r»iO 

^ 09 A'MXo 

►- -vx fMxxr*>0*9 *9 9 
0*n — ^>|X*®'V9'^ 
9 «C OKIJ^X 

O********* 


•s»XMyi9 

*9 9 9 J> 9 9 \f\ X m 

y^ooooooo o o 

K)aa*a*a*aa 

OOOOOOOO o c* 


9t\tm:9X9-'9y, 

•JOorXIiT*— 

a aavaxa*** 

C.OOOOOOOOO 


9X9**-*99 9*f\ 

9->o-*yi**%j\x c 

#«•#••# aa 

OOOOOOOOO 


t»N.®axfx'\|x-#MJ* 9 

990000099 ^ 

tooooooooo 

X aaaaaaaaa 

&00000 oooo 


-l^►fl0900^9"(^'V 

o*v 

►- O C O C O O c — • — 

aaaaaaaaa 

OOOOOOOOO 


OOO _»00 
•XI OOOOOOOO 

» 0 j> 0990®0 

a -*(\i 9 j> 9990 

aaaaaaaaa 

UOOOO OOOO 


tn 


r 

A 

£ 

O 


I 

c 


a; cd 

U) 

o> 


rt x: T 3 


B 

U 

CO 

00 

CM 


HI 

X} 

O 

o 

a 

O) 

4J 

y 




o 



««-» 

0> 



3 


T5 


•S4 

O 

0 

LJ 

bO 



c 

c 


Cd 

•H 

9 

JZ 


9 

o 

3 

•s. 


(D 

O 

o 

4^ 



Q 


0) 

r-H 


? 

a 



£ 

"H 

o 

0 

>/> a- 
•a) X aa 

1-1 

J3 

o 

J( ►- a 

cd 

in 

-J*- 9 


CD 

4 O 



> <0 
-1 
O 

in 

•H 

c 

a. ^ 

x: 

bO 

c • 

4-' 

•H 

9 > X 


(0 

ar — a 

.al X 

> 

in 

0) 

3 

« a 



X 

•3 

0 

V>i- « 

O 

Sm, 

•5 a- u 

4^ 

o 

< U 

a 

in 

cd 


xH 


« 

*-^ 

0 

9 


x: 

9 

•r-l 

4-> 

"O a» 

•rt 


a- O 

3 

»H 

a 

CD 

O 



44 

C 


Vh 

•“ M 

a 

X3 

3 

CD 


x: 

• 

« 


>> 

o o 

3 

r-< 

-1 

c 

0 

r* 

45 

CD 

> 

a a 


•H 

O Jt 

a 

44 

4 

xH 

O 


V 

o 

•a 


a 


4J 

in 


•H 

0 


X 


— 

0) 


9 

9 

> 

E* 

*> 

o 

O 

a 

o 




CD 


in 

00 


in 

03 

Ml 

CD 

CM 


a 

t 

X 

>• 

CM 

X 


lO 

a 

* 



0 ^ c 

> «H & 

2 0 

in 

a o» 

EOT? 

•a^ OS 

O. 0 > 
E x: 


Q) *0 
JS o 


in 1-1 
u cd 
3 E 

o to 

C 0 ) 
O XJ 
u 

o 

^ 4J 

o 

3 *0 
•D O 
4 -> 
«fj cd 
w E 

3 -H 

cd w 


x= 

X CD 

0 > 

in 

lA a 

to > 

(d 

&2 
X> 0 ) 


h 

Cd 

a 


c 

JC (D 
'M B 
(d o 

a r-4 


a; 


f-( o • 
«M -O X3 
Cd Qj 
C •-< V 
Cd £ 3 

Mh p, 

<u ^ O 
^ O u 

V q; 

C U 

0 


U) o 
o> a 

hfi 

a 0 ) 

CD U* 
JZ 0 ) 

o > 




19 



Table II 


Design Blade Eleinent Parameters for QCSEE OTO Pan (Continued) 


NOMeNCWATURC FOR TABULATION 


EKBLISH 

HCA0IN6 identification UNITS 


general 

SL 

streamline number 

m 

PSI 

stream function 

m 

RADIUS 

streamline RADIUS 

in. 

t IMH 

percent immersion from outer NALL 

* 

z 

AXIAL dimension 

XHf 

BLKA6E 

annulus blockage factor 

•1 

FLON 

NEIUHT FLON 

LBM/S£C 


ancles and MACH NUMBtHS 

PHI meridional FlON angle DEG. 

alpha absolute flom angle barctan (cu/czi deg, 

beta relative flom angle barctan (•HU/CZ) deg. 

M«A6S ABSULUTE MACH NUMBER • 

M-REL relative MALM NUMBER • 


VELOCITIES 


C 

ABSOLUTE VELOCITY 

FT/SEC 

1p> 

RELATIVE VELOCITY 

FT/SEC 

Cl 

AXIAL VELOCITY 

FT/SEC 

u 

BLADE SPEED 

FT/SCC 

cu 

tangential component op c 

FT/SEC 

NU 

tangential component up w 

FT/SEC 

fluid properties 


PT 

absolute total pressure 

lbf/8q.:n 

TT 

absolute total temperature 

DEG-R 

TT^KtL 

relative total temperature 

OEG-R 

P3 

static pressure 

LBF/SO.IN 

T8 

static temperature 

OEG-R 

RHO 

static OENSnv 

LBH/CU.FT 

‘►F 

CUMULATIVE adiabatic EFPIcIENlY 

m 


KEFEREnCEO Tu PTlf TTl 


PH 

inlet AbSOLUTf TOTAL PRESSURE 

LBF/SU.IN 


INLET ABSOLUTE TOTAL TEMPERATURE 

OEG-R 

AERUCYNAMIC BLAOINC PARAMETERS 


THLC 

TOTAL PRESSURE LOSS CUtEFIClENT 

m 


total pressure RATIO ACROSS SLADE ROW 

m 

OtL-T 

TOTAL temperature RISE ACROSS ROTOR 

D£3*R 

D 

oiPPusiUN Factor 

«a 

OP/Q 

static PRESSURE RISE COEPEILUNT 

m 

Cl/Cl 

AXIAL VELOCITY RATIO ACROSS BLADE ROW 

m 

3UL0TY 

solidity 

m 

R»AVO 

AVERAGE streamline RADIUS ACROSS BLADE rOw 

IN, 


TANGENTIAL BLADE EORCE PER UNIT BLADE LENGTH 

LBF/IN 

F-AXU 

AXIAL Blade eokce per unit blade length 

lbp/in 

F-COEF 

FLOW COEFFICIENT bCZI/UI 

• 

t-COtF 

WORK COEFFICIENT b(2*G*J*CP*0EL*T)/(U2*U2} 
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H*3S AVtRACEO VALUES 

RT/PTl USV4S E*F 0.904C PT 20,«VB TT STb.Vt TT/TTI 1,11032 CZ S71,7i ROW PT2/PTI 1,394S 
CCJHN, FLOW 67«,9il CORR, HPH iSV«,5 


Table II. Desl.rn Blade Element Parameters for QCSEE OW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE OW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE OW Fan (Continued). 
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Table II. Design Blade Element Parameters for QCSEE OW Fan (Concluded). 
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Rotor Chord, in 



Figure 9. OTW Rotor Chord Distribution. 









yielded good overall performance for previous designs. In the hub region, where 
the Inlet flow is subsonic, incidence angles were selected from NASA cascade data 
correlations with adjustments from past design experience. The blade trailing 
edge angle was established by the deviation angle which was obtained from 
Carter’s Rule applied to the camber of an equivalent two-dimensional cascade 
with an additive empirical adjustment, X. This adjustment is derived from aero- 
dynamic design and performance synthesis for this general type of rotor. How- 
ever, in the rotor hub, the significant turning past axial results in profile 
shapes that resemble impulse turbine blades. Design practice in turbine blade 
layout 8ugge"’ted that blade sections using the full empirical adjustment would 
result in an overturning of the flow. This overturning by the rotor would 
aggravate a relatively hlgh-Mach-number-high-loading condition on the core 
OGV. Consequently the empirical adjustment was reduced 2 “ in this region. The 
incidence and deviation angles and the empirical a ijustment angle employed in 
the design are shown in Figure 11. 

Over the entire blade span, the minimum passage area, or throat, must be 
sufficient to pass the design flow including allowances for boundary layer 
losses, and flow nonuniformities. In the transonic and supersonic region the 
smallest throat area, consistent with permitting the design flow to pass, is 
desirable since this minimizes overexpansions on the suction surface. A 
further consideration was to minimize disturbances to the flow along the 
forward portion of the suction surface to minimize forward propagating waves 
that might provide an additional noise source. Design experience guided the 
degree to which each of these desires was applied to individual section layouts. 
The percent throat margin, the percentage by which the ratio of the effective 
throat area to the capture area exceeds the critical area ratio, is shown in 
Figure 12. The values employed are generally consistent with past experience. 

The resulting blade shapes have very little camber in the tip region. 

In the mid-span region, the shapes generally resemble multiple circular arc 
sections with the majority of the camber occurring in the aft portion. In the 
inner region, the shapes are similar to a double circular arc. Figure 13 
shows plane sections through the blade at several radial locations. The 
resulting camber and stagger radial distributions are shown in Figure 14. 

Table III gives the detailed coordinate data (in Inches) for the blade 
sections shown in Figure 13. The coordinate center is at the stacking axis. 


2.5 CORE OGV DESIGN 


A moderately low aspect ratio of 1.3 was selected for the core portion 
OGV to provide a rugged mechanical system. This selection was in recognition 
of the potentially severe aeromechanlcal environment of the core OGV, l.e., 
large rotor blade wakes, because of its small size in relationship to that of 
the rotor blade. A solidity at the ID of 2.24 was selected to yield reasoo«’^‘'e 
levels of diffusion factor. Figure 8. The number of OGV’s which result is 1^. 

Profiles for the core OGV are multiple circular arcs. The incidence angle 
over the outer portion of the span was selected from a cot relation of the NASA 
low-speed cascade data. Locally, in the IC region, the incidence angle was 
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Figure II. OTW Rolor Incidence, Deviation, and Empiri- 
cal Adjustment Angles. 
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Figure 12, OTW Rotor, Percent Throat Margin. 
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Table III. OW Rotor Blade Coordinates. 
SECTION 1 RADIUS 85.4 cm (33.6 in.) 
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.. U48963_ . 

2,54226 

l,666At 

2.A1109- 

1.66156 

2,76404 

1,64396 

2,66132 

1,63443 

3..02265 

2.Q.0Q56_ 

JU510a7.- 

2,00609 

3,25666 

2,15641 

3,15734 

..i,L6237_. 

1.4 9236-.. . 

...2,31U1_ 

1^.45JUt. 

2,35711 

3,72353 

2,46636 

3,64755 


3,91 4.5.6 _ 

.2,_5i5ft9_ 

3LA.85012. 

2,62092 

4,06610 

2,69909 

4.01315 

_ 2»64660_. 

.4,08567 

. 2,70616-. 

_4, 04554 

2;6e63r 

4,07802 

2.66631 

4,07602 



Table III. OW Rotor Blade Coordinates (Continued) 


SECTION 2 RADIUS 


Con vex 


X (Axial) 

Y 

-S.0i623 

-9,06821 

-3.0i>026 

-9,05023 

-3,05600 

-9,02175 

-3,05196 

-3,98380 

-3,0363b 

-3.93762 

-3,coeoi 

•3,68901 

-C. 96796 

-3,62239 

-r?,9b669 

-3,80562 

-2,81190 

-3,59153 

-2,66608 

-3,37962 

-2,52070 

-3,16957 

-2,37525 

-2,90112 

-2,22971 

-2,75909 

-2,08907 

-2.59018 

-1,93831 

-2,39399 

-1.76321 

-2,0991a 

-1,58/88 

-1,85627 

-1, -41231 

-1,61972 

-1,2369/ 

-1,3/990 

-1,06039 

-1,13525 

-0,88391 

-0.89717 

-0, /0715 

-0,6601 3 

-0,53y0b 

-0,92910 

-0.35258 

-0,18906 

-0,17979 

0,09990 

0,00352 

0,27793 

0, |8223 

0,50968 

0.36131 

0, 7901 3 

0,59076 

0,96910 

0.72086 

1.19619 

0,90198 

1.92080 

1,08991 

1,69265 

1,26890 

1,861 36 

1 ,95382 

2,0/691 

1 ,69099 

2,20932 

1.82829 

2.9986b 

2,01/10 

2,70999 

2,206/3 

2,90031 

2,39701 

3.10888 

2.S8/76 

3,30679 

2,79693 

3,96962 

2.87958 

3.59893 

2,90375 

3.612/2 

2,93958 

3,60096 


76.0 cm (29.9 in.) 


Concave 


X (Axial) 

Y 

•3.03623 

-9*06621 

•3,02900 

•9,07056 

•3,01992 

•9,06910 

•3,00790 

•9,06351 

•2.99527 

•9,05"337 

•2,90169 

•9,03694 

•2,96670 

•9,01093 

•2,05970 

-3,07936 

•2,70510 

•3,66771 

•2,55059 

-3,96322 

•2,3960i 

-3,26051 

•2,29159 

-3,05929 

•2,00729 

-2,65931 

• 1,95300 

-2,66091 

•1.77687 . 

-2*96247 

•1,59911 

-2,22608 

•1,90958 

r 1,09.079 

•1,22529 

-1,75646 

►1,09126 

-1,52297 

• 0,65752 

-1,29019 

•0,6/909.. 

-1,05002 

• 0,99099 

-0,82630 

• 0,30023 

-0,59522 

• 0,12563 

-0,36453 

0.05619, 

-0.13932 

0.23779 

0.09536 

0.91895 

0.32990 

0.59973 

0,55259 

0,78015 

0,77959 

0,95990 

1,00560 

1,13865 

1,23069 

1,31606 

1,95502 

1.99195, _. 

1.6JB71 

1 ,66690 

1,90163 

1,63959 

2 ,2360 

2,01165 

2,39956 

2,1»271 

2.56990 

2,35299 

2,70300 

2,52252 

3.00022 

2,69169 

3,21566 

2.03236 

3,39920 

2,99512 

3,53619 

2,95590 

3,56710 

2,93950 

3.60096 
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Table III. OIW Rotor Blade Coordinates (Continued). 
SECTION 3 RADIUS 67.6 cm (26.6 In.) 

Convex Concave 


X (Axla]^ 

-3.J0760 
-3,3^0^6 
- 3 , 3^396 
-3,.M7aj 
-3,2‘?P91 
-3,ro7a^ 
-3t?236l) 
-3,21009 
-3-05099 
-2,«9lfll 
-2. 732b3 
-2.57313 
-2.91360 
-2.25393 
-2,09909 
-1 .90209 
-1,70970 
-1,51709 
-1,32909 
-1 .1306B 
-0,93692 
-0,79273 
-0,59609 
-0,35299 
'•0,15790 
0.,y3870 
0.23529 
u, 93229 
0,62966 
0.H2779 
1,02699 
1,22762 
1,92969 
1,63363 
1,63669 
2,09979 
2,25192 
2,9596a 
2,66636 
2,87729 
3,05159 
3,lB93a 
3,22012 
3,25310 


Y 


-3,65312 
-3 ,6393? 
-3,60575 
-3,56853 
-3,52398 
-3,97297 
-3,919/9 
-3,59719 
-3,19365 
-2,9'»309 
-2,79972 
-2,59859 
-2.90935 
-2.21203 
-2,02196 
-1.79998 
-1,5/OHl 
-1,39867 
-1.12912 
-0.91)56 
-0,69618 
-0,98306 
-0,27227 
-0,06397 

0.19)69 

0. 59953 
0,59942 
0. /a) 38 
0,'.'iS33 
1,12586 
1,31258 
1.99/J98 
:, 6/276 
1,89601 
2,01966 
2.17991 
2.33979 
2,99616 
2,69862 
2, 79788 
2 91952 
3 .01931 
3,02239 
3,00968 


X (Axial) 

-3.30760 
-3,30060 
-3,29103 
-3,27931 
-3,26600 
-3.25192 
-3,23527 
-3,1 1706 
-2,997p9 
-2,77721 
-2,60799 
-2,93778 
-2.26629 
-2,09686 
-1,92969 
-1,72681 
-1,52926 
-1,32206 
-1,12019 
-0,9) 868 
-0,71/57 
-0.51669 
-0,31665 
-0,11689 
0,08290 
0,26118 
0,97995 
0.67735 
0,87961 
1,07157 
1.26729 

1,96198 
1,65909 
1,89522 
2,03508 
2,22380 
2,91155 
2,59850 
2,78985 
2.97079 
3,1256 ‘ 
3,29809 
3,26295 
3,25310 


Y 


-3,65312 
• ,65597 

•3,65525 
-3,65050 
-3,69154 
-3,62785 
-3,60977 
-3,97389 
>3,26066 
-3,09005 
-2,90180 
-2,71569 
-2,53139 
-2,39875 
-2,16770 
-1,95239 
-1.73889 
-1,52724 
-1,51730 
-1,10901 
-0,90236 
-0,69738 
-0,49417 
-0,29285 
-0,09355 

0,10364 

0,29665 

0,49133 

0,68165 

0,66995 

1,05659 

1,29200 

1,92697, 

1,60991 

1,79219 

1,97523 

2,15297 

2,33129 

2,50802 

2.68297 

2,82728 

2,99097 

2,96905 

3.00968 
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Table III. OTW Rotor Blade Coordinates (Continued). 

SECTION 1 R.WIUS 56.9 cm (22.4 in.) 


Convex 


Concave 


X (Axial) 

Y 

X (Axial) 

Y 

••5,70070 

-2,94436 

-3,70070“ 

“”- 2 ; 94036 

••3,71184 

-2,92529 

-3,69407 

-2,94762 

-5,7137b 

-2,89737 

-3,68473 

-2,9475^ 

-3,70b20 

-2,661 73 

*•3*67 50b 

•2j^9439l 

-3,e»fl470 

-2,81977 

-3,65952 

-2,93615 

-i,6bl30 

-2,77237 

-3,64441 

•2,92403 

•3,60574 

•2,71883 

-3,62746 

-2,90703 

-3,57466 

-2,68367 

-3,48527 

-2j_76947 

-3,39342 

-2,/' 3070 

-3,28863 

-2,50312 

-3,20996 

-2,26266 

-3,09221 

-2j4O230 

-3,02726 

-2,09009 

-2,89603 

-2,22707 

-2,64431 

-1,90220 

-2,70010 

-2,05606 

-2,66105 

-1,71900 

-2,50448 

•1,69150 

-2^.47743 

-l,^4040 

-2,30921 

-1,73005 

.-2,293.43 .. 

-1,36637 

-2,1143« .. 

.-J.,5LI477 

•2,07205 

-1.16353 

-1,88106 

-1,39336 

•1,84999 

...-0,96725 

-1,640.46_.. 

-1^622 

-1,62722 

-0,77751 

-1,41650 

-1,04917 

-1,40370 

•0,59431 

-1,10544 . 

. _.-0.,68602 

-1,17942 

-0,41765 

-0,95506 

•0,72056 

_-0.,9i435 

. -0,24749. 

. 725^8 

_ -17,57662. 

-0,72049 

-0, 00301 

-0 , 49660 

-0,43003 

-0,50102 . 

0,07330. .. 

-O,2606?„. 

__ -O•^0063 

-0,27432 

0,22403 

-0,04154 

-0,15225 

..-.0,iL4601 

__ 0,3.6613 

. O..J6402_ 

•iUOiO0fi 

0,10299 

0,50579 

0.41040 

0,10572 

. 0,41270. . 

0,63694 

0,63542. 

„.0.,22748 

0,64329 

0, 76116 

0,85949 

0,34500 

0,57489 

0,87805 

1,0025.5... 

jO.,4b00O 

1,10755 

0,96727 

1,30454 

0,56932 

1.34126 

1,08860 

1,52549 

0,67605 

1,57507 

1,18199 

1,74553 

0,70147 

1,81125 

1,26740 

1,96481 . 

0,603)1 

2,04717 

1,34510 

2,1835b 

6,96161 

2,20342 

1,41495 

2,40196 

U07675 

2,51976 

1,47709 

2,62027 

1,16831 

2,75600 

.1,53163 

2,83869. 

. - . U25599 

2,99191 

1,57866 

3,05744 

1»33945 

i,227l7._ 

._.l, 61856 

3,27664 . 

1,41645 

3,46159 

1,65125 

3,49700 

1,49296 

3,65635 

1,67376 

3,6011? .. 

1,.55147. 

3,80694 

1,68606 

3,82437 

1,59422 

3,83712 

. 1,68052 

3,85060 

. 1,61329 

3,65621 

1,64690 

3,05021 

1,64090 
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Table III. OTW Rotor Blade Coordinates (Concluded). 
SECTION 5 RADIUS 47.2 cm (18.6 in.) 


Convex Concave 


X (Axial) 

Y 

X (Axial) 

Y 

•4,0J9S0 

■ W2, 03176 ' 

• 9,01950 ■ 

-2,03176 

•«,0^896 

•2,01315 

-9,01349 

•^03528 

•a,o29<i« 

•1.98693 

•9,00966 

•2,03*599 

«4.<)i9ee 

•1,95915 

-3.99397 

•2,03339 

•i, 9^909 ■ 

-1,91619 

■ -3,98027 

•2,02721 

•J, 96615 

•1,87371 

•3,96527 

•2a017l7 

•3,92169 

-l,8262f' 

•3,99822 

•2,00355 

-3,67^99 

•1,77596 

•3,78535 

•1*87231 

•3,67613 

-1,57936 

•3,56818 

•1,70557 

•3,97906 

•1,39170 

•3,35172 

•1*54895 

-3,28116 

-1,21231 

■•3 1 1 3600 

•1,40053 

•3,08235 

•1,09109 

-2,92135 

•1*26|46 

•2,68252 

-0,87775 

-2,70765 

•1,13090 

•2,68156 

•0,72295 

-2,99507 

•UP.oe64. 

•2.97939 

-0,57518 

•2,28171 

•Q,.a9491 

•2,23508 

-0,90916 

-2,03177 

-0,76780 

•1,98887 

-0,25492 

-1,70173. 

. _«0.,.ft5l97_ 

•l,7907<i 

•0,11256 

-1,53363 

•0,54648 

-l,990?7 

0,01780 

-1,28735 

•0«.4S076 

•1,21919 

0,13620 

-1.09279 

•0,36910 

-0,98592 . 

0.24275 

-0,79971 

.. .-(U28SB9_ 

•0,73122 

0,33798 

-0,55817 

•0,21563 

•0,97999 

0,92039 

•0,31816 

-0,15296 

•0,21717 

0.99101 

-0,07979 

-0,09701 

_0, 09195. . 

....... 0,59901. 

0,l57i9_ 

-0.»Q5il07.. 

0,30202 

0,59409 

0,39356 

-0,00965 

0,56268 

0,62589 

0,62919 

0,02352 

0,82355 

0,64943 

0,86452 

0,09945 

0893.7.. 

.0, 69960 

. 1,09993 , 

. . 0.J068O5. 

i, 39991 

0,69119 

1.33569 

0,07905 

1,60965 

0,61896 

1,57199 

0,08206. 

1,86388 

0,58258 

1,80916 

0,07650 

-2.12152 

0,53172 

2,09776 .. 

0,06166. 

2,57730 

0,96626 

2,28822 

0,03678 

2,63088 

0,38623 

2,53088 

0,00103 

2,88199 

0,29165 

2,77602 

•0,09651 

3,13032 

0,18287 

3,02399 

-0,1067.0 

5,37576 

0,06079 

3,27973 

•0,17994 

3,61867 

-0,07388 

3,S2807 

•0,26633 

3,85991 

•0,22028 

3,70357 

•0,36596 


-0,35065 

3,9979.9 

. -0.,45899_ 

9,22191 

•0,96319 

9,17587 

•0,54185 

. 9,23916 

•0,98730 

9,20729 

•0,54481. 

9,23503 

•0,52379 

9,23503 

•0,52379 



reduced 4®. This local reduction In incidence was in recognition of traverse 
data results on other high bypass fan configurations which show core stator 
inlet air angles several degrees higher than the axisytnmetrlc calculated values. 
The deviation angle was obtained from Carter’s Rule as was described for the 
rotor blade, but no empirical adjustment was made. The resulting Incidence 
and deviation angles are shown In Figure 15. An average throat area 5% 
greater than the critical contraction ratio was employed in the design. The 
throat area margin is shovm in Figure 15. Locally, in the ID region, the 
margin is zero for the axlsymmetrlc vector diagrams. However, as noted above, 
the c.*iClcipated inlet air angle in this region will be several degrees higher, 
and therefore the capture area will be several percent lower than the axls3nn"' 
metric calculation. The effective throat^to-capture area ratio will therefore 
increase to provide adequate margin. 

The multiple circular arc mean line consisted of a maximum radius arc 
forward of the throat, which occurs at the passage leading edge. This arc 
was determined by the incidence and throat area selection. A small blend 
region transitioned into a second arc prescribed by the overall camber require-- 
ment. The resulting radial distributions of camber, stagger, solidity, chord, 
and thickness- to-chord ratio are given in Figure 16. Figure 17 is a cylindri- 
cal section of the OGV at the pitch line radius. The coordinates for this 
section are given in Table IV, The coordinate data are in inches. 


2.6 TRANSITION DUCT STRUT DESIGN 


The transition duct flowpath is shown in Figure 18. It is common to both 
the UTW and OTW engines. The ratio of duct exit to duct inlet flow area is 
1.02. There are six struts in the transition duct which are aerodynamically 
configured to remove the 0.105 radian (6°) of swirl left in the air by the 
core OGV’s and to house the structural spokes of the composite wheels (see 
Figure 2). In addition, at engine station 196.5 (Figure 2), the 6 and 12 
o’clock strut positions must house radial accessory drive shafts. The number 
of struts and axial position of the strut trailing edge were selected identical 
with the FlOl engine to minimize unknowns in the operation of the core engine 
system. The axial positions and thickness requirements of the composite wheel 
spokes were dictated by mechanical considerations. The axial location of the 
strut leading edge at the OD was determined by its proximity to the splitter 
leading edge in the UTW engine configuration. At the OD flowpath, the strut 
leading edge is 17.8 mm (0.7 in.) forward of the wheel spoke. A relatively 
blunt strut leading edge results from the 26.7 mm (1.05 in.) wheel spoke 
thickness requirement. The wheel spoke is radial. The axial lean of the 
strut leading edge provides relief from the LE bluntness at lower radii and 
makes the LE approximately normal to the incoming flow. A NASA 65-serles 
thickness distribution was selected for the basic profile thickness which was 
.lodlfled for the special considerations required in this design. The strut 
thickness is the same for all radii aft of the forward wheel spoke LE (Figure 
18) to facilitate fabrication. A cyllndrlca] cut cross section showing the 
nominal strut geometry at three radii is shown in Figure 19. The thickness 
distribution for the 6 and 12 o’clock struts was further modified for the 
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Table IV. OTW Core OGV Coordinates at the 


Con 

Pitch Li 

vex 

\ (Axial) 

Y 

-0.69945 

0.49823 

-0.70095 

0.49528 

.-0.70045 . 

- 0..49648 

-0.69856 

0.46394 

■0.6945S. - 

4). 47578 . 

•0.68843 

0.46613 

68014 __ 

0 <.55503. .. 

•0.66965 

n, 44240 

-0.63825 

0.40533.. 

-0.60276 

0.36534 

•0.58712 

0 ..3268 4 

•0.53i32 

0,28973 

•0.49538 

Qf25396 

-0.45929 

1.2193J 

-0.428P3 

0,18591 

-0.37926 . 

0.14753 - 

0.33520 

0,11117 

-0.29088 

0.07695 

•0.24632 

0.04494 

. -0.20899 

0.01510 . 

-0.15670 

•0,01268 

- -0.11167 -- 

- -0.03852 

•0. 06651 

-0.06248 

-J*0^02121 ... 

-8. 08461. . 

0.02419 

-0.10493 

...0. 06968 

-0.12351 

0.11516 

•0,14043 

0,16075 

-0.15571 

0.20637 

*0 • 16936 

0.25198 

• 0.18148- 

0.29759 

•0,19198 

.. 0 <..3.4319 

. .-•.8*20104 

0.38676 

-0,20861 

0.43428 

-0.21472 

0.47973 

•0,21938 

0.52510 

-0.22363 

0.57036 

-0.22449 

- 0.^61552 

-0.22499 

0.66056 

-0.22414 

0.70546 

•0.22190 

0.74277 

-0.21894 

0.77178 

•0.21597 

0.77782 

-0.21344 

0.77961 

-0. 20681 


Rad'* us . 


Concave 


X (Axial) 

Y 

•8.69945 

0,49823 

•8.69819 

0,49859 

- --8*69620 

_ n. 49607 

•8.69354 

0.49662 

slU.69027- _ 

0*..49_4l8. 

-0.68644 

0.49073 

-_-iU.68l99 

0.48630 

-0,65740 

0.46172 

_-e*6i659__ 

0.42409 

-0.57997 

0.38796 



•0.50320 

0,31980 

•0.46513 

4i.28750 

•0.48701 

0.28630 

•0.38917^ 

0.22620 

•0.34401 ... 

0.17167 

-0.29914 

0.15906 

-0.25454 

0,12844 

•0.2i0l7 

0.09976 

•0.16597__ 

- 4.07291_ 

•0.12193 

0,04776 

•0.07B03 

0.02418. 

■0. 03427 

0.0C209 

. a.o6936 

-_--0.ill.8J6_ 

0.05290 

-0,03784 

0*09637 - 

-Q*05_512L 

0.13978 

•0.07260 

8.l8Sl2_-_ 

•O.ilSOll- 

0.22642 

•0,10259 

0*26974 . 

•0*11542. 

8.3l3d6 

•0.12820 

8* 356 3-9.. _ 

•6,13945 

0.39975 

•0.14969 

8. 44315.. 

- _-fl. 15895. 

0.48663 

•0c1672S 

0..SSD19 

•0,17457 

8.57386 

•0.18099 

0.61763 

•0,18650 

6.66152 

•0.19109 

0.7S554 

-0. 1947.6. 

0.74234 

-0,19709 

8.77111 

•0,19857 

0,77675 

•0,20069 

1*77961 _ 

•0*20641 
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envelope of the radial drive shaft. Cylindrical cut cross sections of these 
struts are also shown in Figure 19. The leading edge 40% chord of these 
further modified sections is identical to that of the nominal strut geometry, 
and aft of forward wheel spoke LE, the strut thickness is the same for all 
radii. The core engine has demonstrated operation in the presence of a similar 
thick strut in the FlOl application without duress. 


2 . 7 VANE-FRAME DESIGN 


The vane-frame performs the dual function of an outlet guide vane for the 
bypass flow and a frame support for the engine components and nacelle. It is 
a common piece of hardware for both the UTW and OTW engine fans. It is inte- 
grated with the pylon which houses the radial drive shaft at engine station 
196.50 (see Figure 2), houses the engine mount at approximately engine 
station 210, provides an interface between the propulsion system with the 
aircraft system, and houses the forward thrust links. The vane-frame further- 
more acts as an inlet guide vane for the UTW fan when in the reverse mode 
of operation. 

A conventional OGV system turns the incoming flow to axial. The housing 
requirements of the pylon dictate a geometry which requires the 0GV*s to 
undertum approximately 0.174 radian (10*^) on one side and to overturn approx- 
imately 0.174 radian (10®) on the other side. The vanes must be tailored to 
downstream vector diagrams which conform to the natural flow field around the 
pylon to avoid creating velocity distortions in the upstream flow. Ideally, 
each vane would be individually tailored. However, to avoid excessive costs, 
five vane geometry groups were selected as adequate. 

The Mach number and air angle at inlet to the vane-frame are shown in 
Figure 20 for both the UTW and OTW fans. In the outer portion of the bypass 
duct annulus, the larger air angle in che UTW environment results in a less 
negative incidence angle for it than for the OTW environment. The Mach number 
in the outer portion of the annulus is also higher in the UTW environment. 

When selecting Incidence angles, a higher Mach number environment naturally 
leads to the desire to select a less negative incidence angle. The amount by 
which the incidence angle would naturally be Increased due to the higher Mach 
number UTW environment is approximately equal to the increase in the inlet air 
angle of the UTW environment. In the inner portion of the annulus, the inlet 
Mach number ani air angle are higher for the OTW environment. The natural 
increase in incidence angle desired because of the higher Mach number is approxi- 
mately the same as the increase in the inlet air angle. As a result of these 
considerations, no significant aerodynamic performance penalty is assessed to 
using common hardware for both the UTW and OTW fans. 

Locally, near the bypass duct ID, there is a discontinuity in the aero- 
dynamic environment of the UTW configuration. This discontinuity represents 
that portion of the flow which passes under the island but bypasses the 
splitter. The calculation ignored mixing across the vortex sheet. In the 
design of the vane geometry no special considerations were Incorporated because 
of this discontinuity since It is believed that in a real fluid the mixing 
process will greatly diminish the vortex strength. 
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igure 2Q. Vane Frame Aerodynamic Environmen 





The vane chord at the OD was selected largely by the mechanical require- 
ment of axial spacing between the composite frame spokes. At the ID the vane 
leading edge was lengthened primarily to obtain an aerodynamical ly reasonable 
leading edge fairing on the pylon compatible with the envelope requirements of 
the radial drive shaft. The ID region is significantly more restrictive in 
this regard because of choking considerations, particularly for the OTW environ- 
ment, with the reduced circumferential spacing between vanes. The solidity 
resulting from 33 vanes, an acoustic requirement, was acceptable from an aero- 
dynamic loading viewpoint as shown in Figure 21. The two diffusion factor 
curves are a result of the two aerodynamic environments, UTW and OTW, to which 
the common vane frame geometry is exposed. The thickness is a modified NASA 
65-serles distribution. Maximum-thickness- ano tralllng-edge-thlckness-to- 
chord ratios of 0.08 and 0.02, respectively, were selected at the OD. The 
same maximum thickness and trailing edge thickness were used at all other 
radii which results in maximum-thickness- and traiiing-edge-thlckness-to-chord 
ratios of 0.064 and 0.018, respectively, at the ID. 

As a guide in the selection of the overall vector diagram requirements of 
the vane frame, a circumferential analysis of an approximate vane geometry, 
including the pylon, was performed. This analysis Indicated, for uniform flow 
at vane inlet, that the vane discharge Mach number v;as approximately constant 
circumferentially and that the discharge air angle was nearly linear circum- 
ferentially between the pylon wall angles. Figure 22, an unwrapped cross 
section at the ID, shows the flowfield calculated by this analysis. The 
specific design criteria selected for the layout of the five-vane geometry 
groups was to change the average discharge vector diagram with zerc swirl 
to vector diagrams with + 5® of swirl and + 10® of swirl. 

The meanline shapes for each of the five-vane groups vary. For the vane 
group which overturns the flow by +10® the meanline is approximately a circular 
arc. As a result of passage area distribution and choking conslderatons, the 
meanline shape employed in the forward 25% chord region of this vane group was 
retained for the other four groups. 

The incidence angle f'^r a^l vane groups was the same and was selected for 

the group with the highest camber. A correlation of NASA low-speed cascade 

data was the starting point for the Incidence selection. Over the outer portion 
of the vane, where the inlet Mach number is lower, the incidence angles were 
slanted to the lo»*^ side of the correlation. This was done in consideration of 

the reverse thrust mode of operation for the UTW fan. In this mode, the OGV^s 

impart a fswirl counter to the direction of rotor rotation. Additional vane 
leading edge camber tends to Increase the counterswirl and therefore the 
pumping capacity of the fan. In the inner portion of the vane the Incidence 
angles are higher than suggested by the correlation because of the higher inlet 
Mach number. Also, in the reverse mode of operation, this reduction in vane 
leading edge camber in the ID region reduces the swirl for that portion of 
the fluid which enters the core engine and tends to reduce its pressure drop. 
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The deviat .on angle for each of the five vane groups was calculated from 
Carter *s Rule as described for the rotor. The portion of the meanline aft of 
the 25% chord point approximates ; circular arc blending between the front 
circular arc and the required trailing edge angle. For the vane group which 
underturns the flow by 10** the aft portion of the blade has little camber. 
Figure 23 shows an unwrapped cross section at the ID of two of the 10** 
over-cambered vanes and two of the 10** under-cambered vanes adjacent to the 
pylon. Note that the spacing between the pylon and the first under-cambered 
vane is 50% larger than average. This Increased spacing was required to open 
the passage internal area, relative to the capture area, to retrieve the area 
blocked by the radial drive shaft envelope requirements. 

Table V gives the detailed coordinate data for the two vane geometries 
and pylon leading edge geometry shown in Figure 23. The coordinate data 
for the nominal vane geometry at three radial locations is also given in this 
table. The vane coordinates are in inches. 

The radial distributions of camber and stagger for the nominal and two 
extreme vane geometries are shown in Figure 24. The radial distributions of 
chord and solidity for the nominal vane are shown in Figure 25. The design 
held the leading and trailing edge axial projection common for all five groups 
which results in slightly different chord lengths for the other four vane 
types. 
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Table V, Vane Frame Coordinates 


Vane Typo: Closed 2 

Radius yjj) oin (20. Hb in.) 


Convex 


Concave 


X (Axial) 

Y 


2,34116 

•6,^6759 

2,32790 

*fta4A65<l 

2,30949 

•6,«787*> 

2,28616 

*6a.46396 

2,25823 

•6.44206 

2,22584 

• 644 .UJI 

.2,18867 

•6,29919 

2.05618 

-6.07U9 

1,83449 

-5,83097 

1,63835 

.-5,56939 

. 1,45347 

-5,34632 

1,27982 

-T5*10018 

1,11977 

•4,85192 

0,97171 

•4,60258 

0,83339 

-•4,.50233 

.0,67897 

•4,00106 

0,53619 

-•.la69886. 

0,40428 

•3,39590 

0,28251 

_s3, 09242 

0,16986 

•2,78889 

0,06546 

-•2a48547 

•0,03115 

•2,18202 

•0,12056 

.•U8T857 

•0,20389 

•1,57498 

•0,28229 

-•1*27110 

- . •0,35637 

•0,96707 

•0,42655 

•0,68J07 

•0,49346 

•0,35916 

•0,55754 

•0,95521 

.•0,61845 

0,24894 

•0,67585 

-01*5.5329 

•0,?3C52 

0,85774 

-0,78128 

-1*16223 

•0,82964 

1,46682 

•0,87488 

.1*71161 

•0,91602 

2,07653 

•0,95211 

-2*18133 

•0,98311 

1,68567 

•1,00936 

-jI*18.924 

.•1,03206 

1,24155 

•1,04887 

-Jl*«llU_ 

•1,05.653 

5,46658 

•1,04155 

.. 1,50000 

•0,98095 


X (Axial) 

Y 

-6,48210 

2,34116 

-6,47014 

2,34917 

-6.45181 

2,35181 

-6.42730 

2,34886 

-6,39677 

2,34011 

•6,. 36025 

2,32555 

-6,31735 

2*30561 

-6,16591 

2,22947 

-5,89480 

2,07990 

-5.63592 

1,92961 

•5,37839 

1,79199 

-5,12236 

1,66526 

-4,86939 

1,54502 

-4,61855 

1,43098 

•4,36878 

1,32361 

•4,07011 

1,20263 

•3,77245 

1,08890 

•5,47572 

0,98129 

•3.17976 

0,87882 

-2,80431 

0,75388 

•2,58892 

0,68742 

•2,29341 

0,;9624 

•1,99793 

0,59813 

•1,70246 

0,41663 

•1.40712 

0,32765 

•1.11208 

0,23941 

•0,81718 

0,15212 

-0,52225 

0,06612 

-0,22724 

•0,01841 

0,06774 

•0,10206 

0,36251 

•0.16531 

0,65709 

•0,2677.4. 

0,95157 

•0,34873 

1,24600 

•0,42780. 

1,54034 

•0,50454 

1,83448 

•0,57877 

2,12848 

•0,85013 

2,42260 

•0,71727 

2.71719 

•0,77845 

3,01255 

•0,8318i 

3,25934 

•0,88832 

3,42574 

•0,88974 

3,47884 

•0,91753 

3,50000 

-0,98095. 



Table V. Vane Frame Coordinates (Continued). 

Vane Type: Pylon Leading Edge 

Radius 53.0 cm (20,86 in.) 


Convex 


X (Axial) 

Y 


2,39154 

•6,«8il75 

2,38081 

•6«a6}61 

2,36491 

•6,47i79 

2,34406 

•6,«5509 

2.31849 

«6, 03144 

2,28826 

**6.40114 

2,25305 

-6.205U 

2,12434 

•6,06174 

-1,89820 

•S.82601 

1,69430 

-5,58938 

_ -1,50620 

-5,35069 

1,32592 

-5,11151 

_ 1,1557? 

•4,86999 

0,99135 

-4,62695 

0,83784 

-4,33354 

0,66380 

-4,03838 

0,49997 

•3,74142 

0,34566 

•3^44249 

.0,20051 

-3,14194 

0,06430 

•2484029 

-0,06372 

•2,53811 

-0,18441 

•2,23601 

•0,29875 

-•-1493175 

._.-0,«0770 

•1,63086 

-0,51145 

32713 

•0,60970 

•1,02219 

•0,70205 

-•0,71617 

•0,78789 

•0,40945 

•0,86665 

-•-0,10190 

•0,94573 

0,20685 

•1,01906 

-0,51627 -- 

•1,08827 

0,62574 

•1,15361 

-_1,13505 

-1,21546 

1,44405 

•1,27361 

_ 1471876 . 

. •1,32623 

2,01155 

•1.17574 

3.50000 

-1.64800 


Concave 


X (Axial) 

Y 

-6,48132 

2-,39l54_ 

•6,47146 

2,39700 

•6,45525 

2.19Z12 

»6, 43279 

2.39173 

•6,40420 

2,38068 

•6.36944 

2.36404 

•6,32808 

2,34232 

-6,17846 

2,26374 

- •5,90277 

.2+12.120 

•5,63744 

1,98162 

•5,37.700 

.1,850.97 

•5,11662 

1,71488 

•4,65694 

...1 ♦41146.. 

•4,59920 

1,55737 

.•4,58317 

_ 1,45194.. 

•4,03770 

1,36062 

-5.73397 

1,^8070. 

•3,43206 

1,21133 

_ •3,13211 

J,1S 184 

•2.83378 

1,10152 

-2.53655 

1,05974 

•2,23905 

-it.62584 

•1,94307 

0,99894 

•1,64646 

.0,97830 

-1,55045 

0,96310 

•1.05531 

0,95241 

-0,76138 

0,94519 

•0,46851 

0.94075 

•0,17635 

0,94005 

0,11497 

0,94418 

0,405l0 

0,95304 

0,69456 

0,96621 

0,98398 

0,98345 

1,27354 . 

-U004SQ 

1.56343 

1,02871 

2,14351- - . 

1,08851 

<,44728 

1,11714 

3.50000 

1.20800 



Table V, Vixnc Kranie Cooniinatos (Continued). 


VaUf Tvni' : Opt'n 12 

Hadius r>d.O (Mil (20,8(> in.) 



Convex 


Conca VO 


X 

(Axial) 

Y 

-6 

4^210 

2.34ii6 

"6 

4A759 

2.32791 

-6 

4fl6S3 

7, 3()950 

-6 

47873 

7.20619 

-6 

463^1 

2.25»3D 

"6 

44195 

2.22!>97 

“6 

4i309 

2.18893 

-6 

29837 

2.05743 

-6 

06881 

1 ,84(113 

-5 

02663 

1.65165 

-5 

58259 

1,47/46 

-5 

33663 

1,31730 

»5 

00740 

1.1 7343 

•4 

83591 

1.04400 

•4 

58317 

0,92682 

■4 

27866 

0,0006.9 

0.68941 

-3 

97293 

-3 

66610 

0,99230 

-3 

35833 

0,50071 

-3 

04985 

0,43/88 

-2 

74ifi5 

0,37917 

”2 

43218 

0,33258 

-2 

12344 

0.29797 

-1 

81511 

0,27447 

"1 

50737 

0,26103 

-1 

20033 

0.25681 

'0 

09392 

0,26100 

•0 

58804 

0,27293 

"0 

28271 

0,29217 

0 

02205 

0.31915 

0 

32598 

0,35420 

0 

62892 

0,39664 

0 

93104 

0,44568 

1 

23245 

0,90009 

1 

53315 

0,96243 

1 

83305 

0,63035 

ll 

13206 

0,70496 

43030 

0,78549 

2 \ 

72800 

0,07086 

3, 

02365 

0,95941 

3 1 

27398 

1.03479 

3i 

44400 

1,00772 

3-, 

<9006 

l,*23l7 

3( 

Soooo 

1,99138 


\ (Axial) 


Y 

"6.40210 

2 

,34ii6 

-6,47013 

2 

,34910 

w6, 45180 

2 

,35103 

.'6,42726 

2 

.34091 

-6,39669 

2 

•34021 

-6, 36000 

2 

,32574 

=6,31705 

2 

,30598 

-6; 16673 

2 

,23i9i 

-5, 99719 

2 

1 (10001 

-5;64o26 

1 

,94046 

-5.305i9 

1 

,02404 

-5; l3?o5 

1 

,71340 

-4,80217 

1 

,6ll7l 

-4,63456 

1 

,51047 

-4;388l9 

1 

,ii3400 

-4; 09378 

1 

,34319 

-3,00050 

1 

,26249 

-3,50049 

1 

,{9003 

-3,21733 

1 

,12737 

,07194 

-2.92688 

1 

-?;o3676 

1 

,02425 

-2.34670 

0 

,90319 

-2; 05652 

0 

,94770 

-1,76592 
-i; 47473 

0 

,91756 

0 

,89269 

-1,10284 

0 

,87302 

-0.09033 

0 

.85054 

„n. 59720 

0 

,84962 

-0,30369 

0 

,04652 

-0.00952 

0 

,84073 

Oi20547 

0 

,85570 

0,50146 

0 

1 8677 6 

o;87027 

0 

;88407 

1,17570 

0 

,90731 

1.47401 

0 

.93516 

1,77304 

2i07295 

0 

,96799 

1 

,00552 

2,37364 

1 

,04042 

2;674B6 

1 

,09772 

2,97614 

1 

,1:5510 

3;2269l 

1 

,20994 

3,39850 

1 

,25063 

3,45780 

1 

,24339 

3,50000 

1 

,19138 


55 



Table V, Vane Frame Coordinates (Continued) 


Vane Type: Nominal 

Radius 53.0 cm (20.86 in.) 


Convex 


Concave 

X (Axial) 

Y 

X (Axial) 

Y 

-6,48210 

2,34116 

•6,48210 

_ ._ a,3iii-6- 

-6, 48 759 

2,32791 

•6,47013 

2,34918 

•6.48654 

2,30949 

•6,45181 

- 

•6.47874 

2,28617 

•6,42729 

2,34688 

•6,46394 

2,25825 

•6,39675 

2,3.4j01A 

•6.44203 

2,22588 

•6,36020 

2.3IS6I 

•6.41324 

2.18874 . . 

•6,31726. 



-6,298<:'6 

2.05654 

•6,16614 

2,23018 

•6,070b4 

1,83608 

-5,89545 

2,082M. 

•St 8298v 

1.64205 

•5,63708 

1,91498 

•5.58753 

1.46015 .. 

•5,38025_ 

U80JL19 

-5,34355 

1,29036 

-5,12513 

1,67933 

-5,09631 

1,13518 

•4,87326 

1,56102. 

•4.64677 

0,99309 

•4,62370 

.. 

•4.59597 

0,86190 

•4,37539 

1.39882 

.•4,29378 

0,71764 

•4,076^6. 

L»24A1S- 

•3,99047 

0,58679 

-3,78304 

1.14634 

..•3,68627 

.0,46852 

•3,48832 

. .1,05511- 

•3,38139 

0,3619^ 

•3,19426 

0,96836 

_S3. 01616 

0,26589 

•2,90057 

0,88755 

•2,77084 

0,17937 

•2,60697 

0,81205 

-•2,46549 

0,10210 

•2,31339 

0,7.4054 

•2,16009 

0,03377 

•2,01986 

0,67182 

J?l^a5478 

•0,02657 . 

•1,72625- 

- 0,80556- 

•1,54964 

•0,07997 

•1,43246 

0.54166 

•t,24470 

•0,12720 

•1,13807. 

3), 48014. 

•0,93983 

•0,16894 

•0,64442 

0.42105 

.•8,63494 _ 

•0,20568 

*0.55038 

0,16497 

•0,33012 

•0,23761 

•0,25628 

0.31230 

_-0,0«53S . 

-0,26417 

0.03788 

.. .0,26268 

0,27916 

•0,26484 

0,33230 

0,21567 

...0,56316 

•0,30022 

0,62722 

0,17434 

0.68725 

-0,31091 

0,92205 

0*13018 

_i, 19188 . . 

•0,31606 

1,21636 

. . 0,09358 

1,49640 

•0,31452 

1,51076 

0,06272 

. U80055 _ 

•0.30547 

1,80573 

. 0,03755 

2,10352 

•0,28852 

2,10149 

0,01793 

.._«,.4fi575 

•0,26457 

2,39819 

0.00441 

2.70721 

•0,23490 

2,69565 

•0.00204 

..Jl, 0081.6 _ 

-0,20101.. 

2,99363. 

. 0,000.47 

3,25869 

-0,17029 

3,24220 

0,01049 

3._427i2 

-0,147.76 

3,40980. 

.. 0,02.082. 

3,47856 

•0,12068 

3,46729 

0,00151 

3,50000 

•0,05474 

3.500Q0 

•0.054.74 


Table V. Vane Frame Coordinates (Continued). 




Vane Type: Nominal 

Radius 69.8 cm (27.48 in.) 


Convex 


X (Axial) 

Y 

rb.3873A 

1,85159. 

-5,5920a 

1,83581 

-S,5«686 

1,81511 

-5,5/767 

1,78979 

-5,55820 

1.76017 

•5,53036 

1,72692 

-5,a9«55 

1,68625 

-5. a 1795 

1,61916 

•5,20929 

.. .. 1,99123 

•a, 99079 

1,28915 

•9,77987 

.. .1,19929 

•9,39950 

1,00677 

•9*32535 

0,87963 

•9,0^9U 

0,76168 

•3 §87 1 66 

0,65193 

_*i^5925S-_. 

0,52960 

•3,32237 

0,91733 

- •3,09629. 

0,319.73 ... 

•2,76993 

0,2213$ 

-2,.99l96.- 

0,13695. 

-2,2J903 

0,05998 

-1,93557 

.. •0,00932 

•i, 65657 

•0,06966 

•1,377.16.. 

__ -0,12199 

-1 , 09766 

-0,16670 

•0..8J82Q. 

•0,20990 

•0,53699 

•0,?3556 

•0,26019 

•0,26069 

0,01826 

•0,28092 

_ 0,29633.. 

..•0,^9522 

0,57958 

•0,30326 

.0,85232 

•0,30529 

1,12961 

-0,30179 

_.U99639 

•0.29289 

1,68297 

•0,27890 

U95797 

•0,25999 

2,23282 

-0,23933 

... R,50_193 

, •0,20933 

2,78065 

-0,17056 

-.1,^5389 

_-0,13971.. 

3,26196 

•0, 10922 

_.it.927.38_ 

•i) ,.08386 

3,97882 

•0,05633 

.-.5,50000 

.0,00991 


Concave 


X (Axial) 

y 

•5,58739_. 

U85154- 

-5,57982 

1,86259 

•5,55939. . 

-. .U8000S- 

-5,52679 

1,06634 

-5,99156 

la-86101. 

•5,99892 

1.8S21S 

•5,598S8_ 

1,03010. 

-5,30236 

1,80216 

-5,05671 

l.a7fllOfiL 

•9.82089 

1,59775 

•9.5863.9_ 

1,09967- 

•9.35339 

1,90020 


•3,89300 

1,21567 

m3 « 

1,15607 

. ^ 
•3,12689 

6-f-U0O->-7— 

0,96207 

.•2,857J3__ 

0,9lliU2- 

•2,58935 

0,02965 

.•2,32lSft— 

0^71111_ 

•2,05928 

0,69109 

•1,78799 

0,62999.. 

•1,52125 

0,56990 

•l,2556ft__ 

0,SU66_ 

•0,98968 

0,95603 

•0,72190- 

0., 4054 7- 

•0,93787 

0,55607 

*0,19193- 

JU11226- 

0,07516 

0,27132 

. 0,39239— 

0,21102- 

0.60952 

0,19920 

0,87702. 

- JUXkAil.. 

1.19997 

0,19069 

1,91399.._ 

004100. 

1,68260 

0,09901 

1,95219L- 

... OOOlilL. 

2,22272 

007231 

.2,99376_. 

0^06021. 

2,76557 

0,06229 

3,03710 MIOAtfl- 

3,26916 

0,07651 

3,909_77 

0.00530 

3,96701 

0,06000 

1.50000- 

JU0Q.9A1.. 
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Table V, Vane Frame Coordinates (Concluded). 


Vane Type; Nominal 
Radius 90.1 cm (35,5 in.) 


Convex 


X (Axial) 

Y 

(t.tivano 

1.69519 

a.boiai 

1,62777 


1,60923 

9.9H913 

1.57988 

9, <16969 

1,590.12 

a.aajjy 

1,50020 

9,aft35^ 

1,95990 

9,36001 

1 ,9C6« 1 

9, iTflftb 

1, 23208 

3,98/30 

1,08093 

3,/991£ 

0,93890 

3,S9HQ9 

0,80698 

3,9008b 

0,686/5 

J, 20110 

0,57616 

3.00036 

'O, 975, 18 

2,7^895 . 

0.36283 

2,blb93 

0.26039 

2,2/153 

0,16739 

2.02632 

0.08355 

i, 78065 

0,00633 

1,53953 

■0,05889 

1,28796 

-0,11786 

1,09099 

-0,16813 

0.79365 

-0,21078 

0,59628 

-0,29579 

0,29899 

-0,27178 

0, 05189 

-0,29518 

0,19982 

-0,31062 

0.99100 

•0,32059 

0,68673 

-0,3297/ 

0,93213 

-0,32276 

1.17721 

-0,319/9 

1,92173 

-0,30120 

1,66597 

-0,282.39 

1,90699 

-0,25663 

2,15059 

-0,22976 

2,39198 

-0,19569 

2,63272 

-0,15716 

2,87313 

-0,11508 

3,11356 

-0,07029 

3,31397 

-0,03169 

3,93200 

-0,00838 

3,98205 

0,02185 

3,50000 

0,08859 


Concave 


X (Axial) 

Y 

9,99980 

1.69519 

9.96003 

1.65611 

9,95709 

1.66069 

9.92603 

1,65851 

9.38719 

1*69996 

9,39056 

1.63399 

9,28579 

1.61098 

9,22989 

1.58666 

9.01197 

1.98959 

3,80307 

1^38218 

3,59652 

1 *26S»- 

1.39201 

1.20396 

3,19030 

1.12399 

2,99032 

1.04840 

2.79129 

0.97765 

2,55353 

0.89860- 

2.31686 

0,82511 

2.08128 

0.75648 

1.89660 

0.69213 

1,61258 

0.63195 

1.37902 

0,57580 

1,19590 

0,52287 

0,91323 

0,47240 

0.66083 

0,42448 

0.99852 

0,37939 

0,2161 7 

0,33741 

0.01692 

0.29879 

0.29995 

0.26389 

0,98296 

0.23289 

0,71691 

0.20524 

0,95120 

0.1804S 

1,18580 

0.15901 

l,920')6 

0.14150 

1.65692 

0.12812 

1.89369 

0.11880 

2.13118 

0,11295 

2.i69«7 

0,11011 

2,60892 

0,11097 

2,89770 

0,116i77 

1.08696 

0.130QQ 

3.28679 

0.14794 

3,90618 

0.16054 

3,96916 

0.14584 

3,50000 

0,08854 












Figure 25. QCSEE Vane Frame. 





SECTION 3.0 


OTW FM MECHANICAL DESIGN 


3.1 r.\N ROTOR SUMMARY 

The OTW experimental fan has 28 fixe'^-pltch metal blades with a 180-cm 
(71-ln.) fan tip diameter similar to that of the UTW fan. This rotor Is shown 
In Figure 26. The conceptual design of this fan is based on using composite 
fan bJ^des, but metal blades will be used for reasons of economy and low risk. 
The conceptua* mposite blade design dictates the absence of blade shrouds, 
determines the ..umber of fan blades, and affects the sizing of such parameters 
as the blade solidity, reduced velocity, and leading edge thickness. In the 
flight engine, composite blades would be substituted for the metal blades 
.without aerodynamic change or cc.ipromise In the composite blade mechanical 
design. While the demonstrator fan disk is heavier than the con^oslte bladed 
flight weight disk, it reflects a flight configuration in both design criteria 
and material selection. A comparison between the experimental and flight OTW 
fan design criteria is given in Table VI. 

llie OTW fan has both a forward rotating spinner and aft flowpath adapter. 
The inner flowpath formed by these two parts and the blade platform is identi- 
cal to the Inner flowpath of the UTW fan from a point near the blade traillrig 
edge aft. The tip speed of the OTW fan is about 17% higher than that of the 
UTW fan. 

The fan blades and disk are fabricated of 6-4 titanium. 6-4 titanium 
couplings on the fore and aft sides of the disk isolate the relatively high 
stresses the disk from the 6061 aluminum forward and aft spinners. In- 
creased blade retention capability is provided to prevent axial movement of 
the blades (benefiting from General Electric experience in large fan design). 
Fan rotor materials and allowable stresses are shown in I*gure 27. 

TVo-plane balance of the fan rotor will be provided at the forward and 
aft disk flanges. In addition, the forward spinner will be permanently bal- 
anced in two planes. Blade retainers will be pan weighted and blades will be 
moment weighed, all to be preprogrammed into the rotor. Final trim balancing 
or field balancing is accomplished through balance bolts mounted in the 
spinner. 


3.2 DESIGN REQUIREMENTS 

Design life of the fan rotor is 36,000 hours, including 48,000 flight 
cycles and 1000 full-power ground cycles. To match the rotor low cycle 
fatigue life to these design requirements, stress levels were kept to appro- 
priate levels, and contouring and flange scalloping were used to minimize 
stress concentrations. 

Fan blades can be individually replaced without removal of the fan rotor. 
Openings in the aft flowpath support permit access for the removal of the 
entire fan rotor package and gearbox. 
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Table VT . QCSEE QTW Fan Design Criteria. 


Materials 


Component 

Demonstrator 

Flight 

DlPk 

Titanium 

Titanium 

Blades 

Titanium 

Composite 

Number of Blades 

28 

28 

Per Blade Centrifugal 

Load, N 

(lb) 

558,696 

(125,600) 

184,156 

(41,400'' 

Design Point apeed, rpm 

3792 

3792 

Design Burst Speed, rpm 

5615 

5615 

Disk Low-Cycle Fatigue 
Life (Minimum) 

>48,000 
Flight Cycles 

>48,000 
Flight Cycles 

Disk Low-Cycle Fatigue 
Life with Initial 
0.025 X 0.076 cm 
(0.01 X 0.03 in.) Defect 

>16,000 
Flight Cycles 

>16,000 
Flight Cycles 
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3.3 FAN BLADE DESIGN 


rhe OTW fan blades (Figure 28) are machined from 6-A1-4V titanium 
forgings, a finished blade wii^ing 5.94 kg (13.1 lb). Blade geometry is 
summarized in Table VII and Figures 29 and 30. Operating steady-state 
stresses are sununarized \n Figure 31 and Table VIII. Blade airfoil stresses 
and vibratory frequencies were calculated by the use of standard General 
Electric mechanical design programs in the computer library. These include a 
twisted blade program for calculating airfoil stresses and frequencies and a 
shell program to determine blade root boundary conditions due to the flexi- 
bility of the disk and adjacent shells. B^ade dovetail and disk post- 
stresses were calculated by a computer time sharing program based on the dove- 
tail analysis of Dr. H.J. Macke (Report Nos. R39FPD611 and R63FPD11). 

The steady-state effective stress shown in Figure 31 is composed of the 
resultant of bending, induced tensile, and centrifugal stresses and permits a 
level of vibratory stress consistent with GE practice (minrlmum of 10 ksi vibra- 
tory stress capability) as shown in Figure 36 C35 ksi allowable). Since the 
blade leading and trailing edges are in compression except at the root, where 
the tensile stresses are very low, the blcde is rather insenoitive to foreign 
object damage on the edges. At the root, assuming damage that w’ll produce a 
stress concentration of 3, the blade is still capable of tolera ing a vibratory 
stress of 45 ksi single amplitude. The uncorrected gas bending stress is an 
indicator of stall stress levels. In the case of the OTW fan blade, the stall 
stress is projected to be less than the allowaule vibratory stress. 

The fan blades are a ”low-flexed" design, i.e., the first flexural fre- 
quency of the blades crosses the two per rev line in the fan operating speed 
rar.ge. Without a thicker blade root, which would have been aerod)mamically 
unsatisfactory, low-flexing was necessary because of the lack of blade 
shrouds. This approach, though not common, is used successfully on General 
Electric’s TF34 fan and J79 stage 1 compressor blade and was successful on 
NASA’s Quiet Engine i n. The blade Campbell diagram is shown in Figure 32. 

The frequenc 3 ^ of the disk-blade assembly (dashed lines) is somewhat lower than 
the fixed blade frequency (solid lines) due to the flexibility of the support- 
ing fan disk. The frequency margin between the disk-blade mode and the 
two per rev resonance line is 19 percent at 100% fan speed. The two per rev 
resonance crossover occurs at about 66% speed which is in the flight idle 
range. Howevei, in the t-<perlmental engine which is not a flight engine, 
there will be no reason to operate other than transiently in this speed range, 
so no problem is anticipated. In a flight engine utilizing composite blades, 
the resonant frequency of the blade is subject to some adjustment by a rear- 
rangement and recomposition of the fabric plies; also, the flight idle speed 
of the engine can be varied somewhat. Exper:*ence with the 20 inch UTW simu- 
lator which had a similar low flex blade design, showed that the vibratory 
stresses at crossover were only 30% of scope limits. 

The combined blade (second flex) disk (N»3) mode has a frequency margin 
of 14 percent from the 3 per rev Jlne at 100% speed. In the absence of frama 
struts or inlet guide vanes ahead the fan, higher order resonances have 
not been a problem on s-'mllar coniiguratlon engines such as the TF34 and CF6. 
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Table VII. QCSEE OTW Fan Blade 


Number of Blades 
Fan Tip Diameter 
Airfoil Length 
Aspect Ratio 


28 

180.3 cm (71 inches) 

52.1 cm (20.5 Inches) 

2.1 


Chord 

Max. Thickness/ 
Chord 


Blade Tip 

26.31 cm 
(10.36 inches) 

2.65 percent 
1.3 


Blade Root 

20.68 cm 
(8.14 Inches) 

8.6 percent 
2.34 


Solidity 





20.32 22.86 25 

( 8 ) ( 9 ) ( 

Chord, cm (Inches) 


gure 29. OTW Fan Blade Chord Vs. 



Percent Span 



Percent - Maximum Thickness/Chord 


( 

I Figure 30. OTW Fan Blade Maximum Thickness 

Chord Vs. Span. 


I 

\ 

I 
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Blade Height, cm 


Effective Stress, ksl 



0 10 20 30 40 

Effective Stress, kN/cm^ 


Figure 31. Blade Steady State Effective Stress. 




Blade Height, in. 



Table VIII. 


Blade Stresses. 


Maximum Centrifugal 

Maximum Effective 
(Steady State) 


16.6 kN/cm^ (24 ksi) @ 105% N 
7.62 cm (3 in.) from root 

36.5 kN/cm- (53 ksi) @ 105% N 
15.2 cm (6 in.) from root 


Leading and trailing edges in compression except at root - low 
tensile stresses permit an allowable vibratory strf-ss of 31 kN/cm^ 
(45 ksi Sa) with a stress concentration of 3 (FOD) 


Anticipated vibratory stress at first flex - 2/rev crossing is 
approximately 30% of scope limits. 

Uncorrected gas bending stress = 12.4 kN/cm^ (18 ksi)« 
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It is desirable to have a minimum of 12% frequency margin from the com- 
bined blade-disk mode to a per rev stimulus at 100% speed. The present blade 
design, with a margin of 19% between the first flex N=2 blade-disk mode and 
the two per rev line, and a margin of 14% between the second flex N“3 blade- 
disk mode and the three per rev line (Reference Figure 32) , is considered to 
have adequate margin in these two modes of greatest concern. 

Blade "instability" or "limit cycle vibration" can be a problem on fans. 

It is characterized by a high amplitude vibration in a single mode (normally 
the first flexural or torsional mode) at a nonintegral per rev frequency. It 
is not one of the classical airfoil flutter cases and is apparently confined 
to cascades. Because of the nonlinearity in the aerodynamics involved, it 
has resisted practical solutions by solely theoretical means. Accordingly, 
General Electric has adopted a semlemplrlcal "reduced velocity" approach for 
limit cycle avoidance. Reduced velocity gives £ measure of a blade’s sta- 
bility against self-excited vibration. This parameter is defined as Vr = 

W/bft, 

where; b = 1/2 chord at 5/6 span - (meters) 

W = average air velocity relative to the blade over the outer 
third of the span - (meters /sec) 

ft = first torsional frequency at design rpm - (rad/sec) 

The basic criterion used for setting the design of the OHV metal blade 
was the requirement of having a reduced velocity parameter no higher than 1.5. 
This allowable range is based on previous testing of a variety of fan config- 
urations in combination with the specific aerodynamic design of the OTW blade. 

Blade instability does not occur once the blades are stalled. The cur- 
rent design practice is to design blades such that when the fan is throttled, 
stall occurs before the empirically predicted blade instability is encountered. 
The blade stability is affected by varying the blade chord and thickness dis- 
tribution which changes the reduced velocity parameter. The operating and 
stall characteristics of this blade are presented in Figure 33 in terms of 
reduced velocity versus incidence angle. This shows an acceptable blade 
design with the design point reduced velocity parameter at 1.3, and in which 
the throttled fan should stall before encountering the expected blade stability 
limit. The predicted blade stall line includes the effects of special casing 
treatment. 

OTW composite fll(^t blade would have additional stability margin due to 
the higher stiffness-to-weight ratio possible in composite designs. 

The blade is attached to the disk by an axially oriented 55" flank angle 
dovetail (Figure 34). Maximum blade dovetail steady-state stress is 29.7 
kN/cm2 (43 Rsi) in combined bending and tensile stress. Dovetail crush stress 
is 51 kN/cm 2 (74 g^d is life limiting by the mechanism of wear or fretting, 

not by low cycle fatigue, since neither a tensile stress nor a stress concen- 
tration is involved. Dovetail flanks are plasma sprayed with copper-nickel- 
indium and coated with Molydag to protect against fretting. In the event of 
loss of a blade airfoil, the resulting combination of te’isile and bending stress 
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Figure 33. OTW Fan Limit Cycle Boundary. 







(A) Dovetail Crush Stress - 51 kN/cm^ (74 ksi) 
at 105% Speed 

(B) Maximum Stress on Disk Post Due to Blade 
Out - 44.1 kN/cm^ (64 KSI) 


Figure 34. OTW Fan Blade Dovetail. 
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on the disk post is 44 kN/cm^ (64 ksi) within an allowable stress in this case 
of 85 kN/cm^ (123 ksl) . llie loss of an airfoil will not cause the subsequent 
loss of adjacent blades through failure of the disk post* 

The blade attachments were designed so that the blade airfoil is the 
weakest link in the airfoil, dovetail, and disk post system to minimize the 
size of the piece that will detach In event of a vibratory failure. The 
resulting design is such that when the airfoil is operating at its maximum 
allowable vibratory stress, the blade dovetail is at 98% of its maximum and 
the disk post is at 92% of its maximum. Figures 35 and 36 illustrate 
this design concept. 

Figure 35 shows the points of maximum stress on the blade dovetail and 
the disk post for which stresses are calculated in the dovetail computer pro- 
gram. The ratio of the vibratory stresses at these points to the vibratory 
stress in the airfoil is shown in the fatigue Unit diagram (Figure 36). 

With the airfoil at its maximum allowable vibratory stress vit 105% spet-d, 
all of the maximum stress points on both the blade and disk dovetails are at 
less than their allovable stresses. 


3.4 FAN DISK DESIGN 


The ; T\^ fan disk is machined from a 6-A1-4V titanium forging. An inte- 
gral cone attaches the ring disk to the main reduction gear shafting. Slots 
machined into the forward and aft ends of each disk post provide attachment 
for individual b^de retainers. The rotor is required to have low-cycle 
fatigue (LCF) capability for 48,000 mission cycles and 1,000 ground cycles. 

To achieve this requirement, disk extensions were provided for the attachment 
of adjacent shell members. This, in addition to scalloping the flanges, 
lowered the stresses at the flanges sufficiently to meet the LCF requirements. 
Stresses in the disk and shells were calculated using a shell and ring program 
in the computer library. A finite element program was used to calculate 
stress in the disk dovetail post and in the bottom of the dovetail slot. 

The total dead load supported by the disk is 18.5 ^ lO^N (4,150,000 lb). 
This includes I ae centrifugal weight of all nonself-supporting parts (blades, 
retainers, disk dovetail posts, etc.) as well as side loads imposed by adja- 
cent members. Maximum permissible stress in the disk including stress concen- 
trations was limited to 51 kN/cm^ (74 ksi) to meet the LCF life requirements. 
Calculated stresses (105% N) including local stress concentrations are shown 
in Figure 37 for various parts of the disk and shaft. Crack propagation 
calculations indicate the LCF life in excess of 16,000 cycles with an initial 
0.0254 - 0.0762 cm (0.01 ^ 0.03 inch) defect. 

The disk is designed as a prlmu reliable component, capable of withstand- 
ing a stress twice that at the maximum cycle speed without bursting. Tliis 
requires a special capability of 141% of the maximum cycle speed or 5615 rpm. 
The calculated burst speed of the disk as designed is 6260 rpm or 157% of 
?)aximum cycle speed. 




Figure 35. Str>^ as Points on Blade and Disk Dovetails. 
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Tile additional burst margin is available because the disk was not sized 
solely on hurst considerations , but also on the need to reduce dovetail 
stresses, meet low-cycle fatigue requirements, stiffen the disk to avoid blade 
frequency problems, and provide capability for reslottlng for possible future 
testing of composite blades. 


3.5 BLADE RETAINERS 


Tlie blade retainers are blocker plates at the ends of each dovetail slot 
held in place by slots at the ends of the dovetail post. Radial movement of 
the plates is restricted by tapering the slots and providing load points 
against the disk. Figure 38 illustrates the design. Tl)o plates are held 
in place during buildup by individual clips and are finally locked in place 
by installation of the coupling. Tills design permits individual blade change 
by removal of the spinner, coupling, and individual blocker plate. 

To prevent the axial shifting of the blades under unusual load condi- 
tions, the retainers are designed to withstand thrust loads of up to 30% of 
the blade ceucrifugal force, lliis results in a possible axial load of 167 kN 
(37,500 Ib'^ that must be restrained without tailure ot the retention system. 
At this maximum load condition, calculated stresses in the retainer are at or 
near the ultimate strength of the material. However, under^normal operating 
conditions, stress in the retainer does not exceed 14 kN/crr (20 ksl). 


3.6 ROTOR SHELL MEMBERS 


The forward spinner is machined from a 60ol A1 forging and forms the for- 
ward inner flowpath of the fan. It Is attached to the forward coupling which 
isolates it from the higher stresses of the disk. Scalloping between attach- 
ment bolt holes and contouring of the counterbore reduces stress concentra- 
tions such that the spinner meets life roqviirements. 

On the experimental engine, the spinner will have a nose cap to provide 
access to the interior of the rotor. The opening is also available for 
Instrumentation lead-in and sllprJng support. 

Permanent two-plane balance of the spinner will be obtained by attach- 
ment of balance weights to the flange at the rose cap and a flange at the 
rear of the spinner. Rotor field balance capability is built into the spi..ner 
by the inclusion of a series of bolts of variable weight into the rear of the 
spinner. 

T\\e aft spinner is machined from a 6061 A1 forging and continues the 
inner fan flowpath from the blade exit to the fan core OGV’s. A flow dis- 
courager seal inhibits air recirculation at this point. Openings in the sup- 
port member of the aft spinner provide access to fan frame bolts to allow 
removal af the fan package. 


so 
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Figure 38. OTW Fan Blade Retainer, 



Titanium couplings at the front and rear of the disk provide transition 
members from the disk to the aluminum spinners and Isolate the aluminum parts 
from the relatively high stresses In the disk. The c''up]ings also lock the 
blade retainers in place. The fore and aft coupling designs are interchange- 
able and may be used on either side of the disk. Jack points are provided at 
rabbeted joints to aid in separating the rotor parts. 

Stresses in the rotor shells were calculated using a shell ami ring 
program in the computer library. The stresses are shown in Figure 39 and 
include stress concentrations. Allowable stresses were determined by low 
cycle fatigue considerations and are limited to 31 kN/cm" (74 ksi) in the 
titanium parts and 17 kN/cm^ (25 ksi) in the anodized aluminum parts. 

Rotor deflections are given on Figure 40. Axial movements shotm are 
relative to the shaft flange. The platform of the blade and the contours of 
the forward and aft spinners are dimensioned so that the operating deflections 
and dimensional stackups will not cause forward facing steps at the Inter- 
faces between these parts. The contours that form the flowpath are dimen- 
sioned to be on the aerodynamic flowpath at the fan design point. 


3.7 FAN HARDWARE 


All structural Joints in the fan except the nose cap use 0.794 cm 
(5/16 in.) diameter Inco 7’ 8 bolts and Waspaloy nuts. The rotor joint at the 
fan stub shaft uses 18 1.27 cm (1/2 in.) diameter MP159 bolts and heavy 
walled Waspaloy nuts to permit higher loading of the bolts. The threads at 
all the joints are lubricated with MIL-T-5544 lubricant. A summary of design 
data on the stub shaft flange bolts is shown in Table IX. 
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Table IX* Stub Shaft Flange Bolts 


• Number of bolts * 18 

Size = 1.2/ cm - 7.87 thd/cm (1/2 In. - 20 thd/in.) 

Material = MP159 

Assembly torque = 176 N-m (130 fc~lb) 

Minimum preload = 95,230 N/Bolt (21,400 lb /bolt) 

Total preload = 1.714 v 10^ N OF5,000 lb) 

Minimum bolt preload stress = ^2.3 kN/cm^ (134 ksi) 

rcrceiit fan torque carried by friei ion (for T = 0.13> = 103 
eapabi I ity 

Holt tensile stress (I metal airfiMl out) = of iiltinatc 

€ Holt shear stress (1 metal air toil out) = Jl’. of ultimate 



